results are reported here. Horse A was a 4-year-old mare, and horse B was a 6-year-old stallion. horse B had never been vaccinated for EHV-1. Both were owned by the same dwner and were full siblings.
On the first day of a 6-day course of illness, horse A appeared lethargic and strained during micturition. Anorexia, pyrexia (41 C), rear leg stiffness, and depression ensued. The mare's condition further deteriorated over the next 4 days with onset of ataxia. Serous conjunctival exudation was profuse, with petechiation of nasal mucous membranes. The mare was treated intramuscularly with a penicillin G-streptomycin preparation daily. Terminally hyperpnea occurred prior to death on the sixth day of illness. Horse B exhibited similar clinical signs, and the scrotum was swollen due to edema. This horse was initially treated with a trimethoprimsulpha combination and phenylbutazone. Later, corticosteroids were administered. On the fifth day of illness, horse B was euthanized.
Horse A was in good body condition, but was moderately autolyzed. The conjunctivae were red, and there was petechiation of the turbinate mucous membranes. Pulmonary congestion and edema were moderate. The content of the small and large intestines was fluid and dark. Focal, raised 4-8-mm-diameter necrotic areas were throughout the entire small bowel. The necrotic material covering these lesions had sloughed in many areas, leaving red erosions and ulcers. In the lower small bowel, large colon, and cecum, the lesions were more severe and often coalesced (Fig. 1) . No lesions were found in the anterior mesenteric artery and its branches. Horse B was in excellent body condition. There were multiple fresh abrasions about both periorbital regions. The conjunctivae were red. Edema was present in many areas, including the lips, mesenteries, and organ attachment sites. There was prominent subcutaneous edema involving the scrotum and inguinal areas. Petechiae were present in the serosa of the small bowel. The intestine contained increased mucus.
Tissues collected from both horses at necropsy were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 µm, and stained with hematoxylin and eosin (HE). In the small intestine of horse A, there was a thick layer of fibrinocellular exudate in the lumen and on the surface of the mucosa. The cells in the exudate were mainly neutrophils, mixed with erythrocytes and bacterial colonies. The villous mucosa was moderately autolyzed. There were large areas of acute necrosis and erosion of the villous mucosa, with necrosis and desquamation of crypt epithelial cells. In many crypts, intranuclear acidophilic to amphophilic inclusions were common in epithelial cells, filling part of or the entire nucleus ( Fig. 2 ). There were focal areas of ulceration with marked necrosis of submucosal lymphoid tissue. Moderate numbers of inclusions were evident in cells, presumably lymphocytes, in necrotic lymphoid follicles. Some follicles had lymphoid depletion and mild lymphocytolysis. Congestion and hemorrhage was marked in the lamina propria. A few capillaries in the lamina propria contained thrombi. In the colon, the lesions were similar to those of the small intestine ( Fig. 3 ). There was marked submucosa1 edema and congestion of the proprial vessels in horse B. Necrosis and desquamation of cryptal epithelial cells were evident in a few focal areas. Inclusions were not seen. Foci of acute necrosis were evident in the red pulp of the spleen with thrombi in sinusoids. Lymphoid follicles were small. Perivascular edema, mild cuffing by mononuclear cells around a rare vessel in the cerebral cortex, and a mild mononuclear reaction in the meninges were seen in sections of the brain from horse B. The central nervous system was not examined in horse A.
Formalin-fixed intestine from horse A was removed from paraffin blocks and processed for transmission electron microscopy. The tissue was cut in 1-2-mm cubes, secondarily fixed in osmium tetroxide, dehydrated, and embedded in epon. The ultrathin sections were examined using a Hitachi HS-9 electron microscope. The intranuclear inclusions identified in crypt epithelial cells contained 100-nm virus particles, characteristic of herpesviruses ( Fig. 4) .
Lung, spleen, liver, and colon from both animals were routinely cultured for pathogenic bacteria. 6 Significant pathogens were not isolated from either horse A or B. casts on the Multiple tissues were collected from each animal and pooled for virus isolation in cell culture. The secondary equine kidney (EK) cells prepared in this laboratory and an equine ovary (EO) cell line a were maintained using minimum essential medium (MEM) with Earle's salts b with 5% NuSerum V. c The rabbit kidney (RK-13) cell line a was maintained in MEM with Hanks' salts b Media for cell growth were supplemented with 10% unheated iradiated fetal bovine serum. d For cell maintenance, media were supplemented with 2% irradiated sera heated at 56 C for 30 minutes. Cells and sera were free of mycoplasma and bovine viral diarrhea virus. Tissues were stored frozen at -70 C until processed. Tissue suspensions were prepared in virus transport medium using a Brinkmann tissue homogenizer. Virus transport medium consisted of Hanks' salts supplemented with 0.5% lactalbumin hydrolysate e and 25 mM HEPES f with 25 units penicillin/25 units streptomycin f and 250 units Nystatin f /ml, pH 7.2. Each tissue pool was filtered using a 450-nm filter g and stored at -70 C. Filtrates were thawed prior to being inoculated onto partially confluent EO, RK-13, and EK cell monolayers, established 24 hours earlier in stoppered borosilicate glass tissue culture tubes with 9-x 22-mm glass coverslips. After adsorption for 1 hour at room temperature, cells were rinsed 3 times and refed with maintenance medium. Cells were incubated at 37 C for 7 days and examined daily for evidence of cytopathic effect (CPE). All cell cultures were frozen and reinoculated as above at least 4 additional times prior to being considered negative.
A cytopathic agent that caused ballooning of cells and detachment from the monolayer was recovered from the supernatant of a pool of tissues (lung, liver, spleen, lymph node) from horse A using the EO cell line and secondary EK cells. A similar agent was also recovered from the brain of the same animal using the RK-13 cell line. No agents were isolated from the colon, kidney, or a second lymph node of this horse. An analogous agent was also isolated from the supernatant of a pool of tissues (testes, muscle, lymph node, thyroid) from horse B using EO cells. No agents were recovered from the brain, lung, liver, spleen, kidney, small intestine, colon, or feces. Agents were not isolated from any tissues using embryonated eggs. For those cell monolayers where CPE was recognized, coverslips were removed prior to freezing and were fixed in cold acetone, and 1 coverslip from each specimen was stained in indirect fluorescent antibody assays using polyclonal antiequine herpesvirus type 1 (Kentucky D) serum prepared in a rabbit in this laboratory, mouse monoclonal anti-equine herpesvirus type 1 ascitic fluid, h,19 and mouse monoclonal anti-equine herpesvirus type 4 ascitic fluid h,19 as the primary antisera. Secondary antisera were fluorescein-conjugated F(ab') 2 goat anti-rabbit' and goat anti-mouse IgG i antibodies. Known positive and negative virus-infected control coverslips were included with each assay. Monolayers that showed specific fluorescence were considered positive for the agent against which the antiserum was directed. The agents were typed as EHV-1 using the polyclonal antiserum and subsequently confirmed to be EHV-1 using monoclonal antibody and fluorescent antibody assays.
All cell cultures with CPE were also examined by electron microscopy. When CPE was complete at 72 hours postinfection, infected fluids were frozen, thawed, and centrifuged at 10,000 x g for 1 hour to pellet the cellular debris containing the virus. The supernatant fluids were removed, and 100 µ1 of distilled water was added to the pellet. A drop of the fluid was used to touch a carbon-coated 300-mesh grid. This grid was stained with 2% phosphotungstic acid, pH 6.8, with 0.05% bovine serum albumin and examined under a Joel 100 transmission electron microscope. All virus isolates had the characteristic morphology of herpesviruses.
Because no other equine herpesviruses have been reported in association with neurological disease and enteric lesions, we used restriction fragment length polymorphism (RFLP) as a more distinguishing method than standard serology to compare the 2 isolates with each other and with EHV-1 and 4 type viruses. Reference equine herpesvirus strains for DNA analysis were passaged in equine cells and included a representative of EHV-1 electropherotype 1 P (Kentucky D), h,3 EHV-1 electropherotype 1B, h,3 and EHV-2. a These reference equine herpesvirus strains and virus isolates recovered in EO cells from the tissue pool (lung, liver, spleen, lymph node) of horse A and the tissue pool (testes, muscle, lymph node, thyroid) of horse B were used in further study. Virus grown on EO cells was harvested at 72 hours postinfection, and the supernatant was clarified at 5,000 rpm for 10 minutes in a SS 34 rotor in a Sorvall centrifuge. The virus was pelleted through a 30% sucrose cushion at 22,000 rpm in a SW 28 rotor (Beckman ultracentrifuge) for 1.5 hours at 4 C. The virus pellet was resuspended in TNE buffer (100 mM NaCl, 10 mM Tris, 1 mM ethylenediaminetetraacetic acid [EDTA], pH 7.4), and the virus preparation was digested with 500 µg/ ml final concentration of proteinase K j in the presence of 0.5% sodium dodecyl sulfate. Viral DNA was extracted twice with an equal volume of phenol-chloroform and once with chloroform and precipitated with 2 volumes of ethanol and 2.5 M ammonium acetate. The DNA was resuspended in TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) and digested with different restriction endonucleases according to the manufacturer's recommendation. f DNA samples were electrophoresed in a 0.7% agarose gel in Tris-acetate buffer, pH 8.0 15 along with a 1-kb DNA ladder marker. f The DNA bands were stained with ethidium bromide and photographed with Polaroid type 57 film.
The restriction enzyme fragment profiles for the virus isolate from horse A were identical to those from horse B for restriction enzymes BamHI and BglII (Fig. 5) , as well as for EcoRI, XbaI, SalI, and HindIII (data not shown). The BamHI and BglII restriction enzyme fragment profiles of the horse A and B isolates were clearly distinguishable from that of EHV-4 but were similar to those of the EHV-1 isolates 1P (Kentucky D) and 1B. Nevertheless, the isolates from horses A and B could be distinguished from the 1B isolates by differences in the gel profiles, and both were indistinguishable from the 1P isolate. The horse A, horse B, and 1P isolates had BamHI DNA fragments of 4.3 kb and 10.5 kb (arrowheads on Fig. 5A) , which were absent from the 1B pattern. Similarly, the 1B isolate had 2 additional BglII bands at around 4 kb (arrowhead on Fig. 5B ), which were absent in the 1P and horse A and B isolates.
Clinical paresis was the dominant clinical sign demonstrated by these horses and suggested they had been infected with EHV-1. Because EHV-1 is not normally considered as a cause of enteric lesions in adult horses, the intranuclear inclusions in the crypt epithelial cells were originally interpreted as a consequence of equine adenovirus infection. 8 The presence of herpes-like virus particles in the nuclear inclusions of cryptal epithelial cells in horse A and the isolation of EHV-1 from a variety of organs strongly suggested that the enterocolitis was due to this virus. Such severe ulcerative lesions in the small and large intestine of adult horses have not been seen in natural EHV-1 infections, although similar but milder lesions have been reported in 2-week-old foals experimentally infected with this virus. 14 Similar enteric lesions have been described for herpesvirus infections in other species. 4, 13 Polyclonal and monoclonal antibodies were used to identify the multiple virus isolates as EHV-1. Although antibodies were capable of identifying the 2 isolates as EHV-1, DNA electropherotyping was needed to further characterize these isolates. 2 Although there is little reported heterogeneity in EHV-1 isolates 3 the identical DNA profiles for all 6 restriction enzymes tested with isolates for both horses suggested that they were probably infected from a common source at the time of the outbreak rather than as a result of recrudescence from separate virus strains.
The electropherotype of isolates from both horses is similar to that of the 1P strain (Kentucky D) described for equine abortion isolates. 3 The 1P strain was dominant in the horse population in Kentucky prior to 1981. 3 However, the 1P strain has since been partially replaced by the newer 1B genotype, 3 and 1B is now the principal electropherotype recovered from aborted equine fetuses in Kentucky. 1,5 Although the isolates from these 2 horses had DNA fingerprints identical to those of Kentucky D and similar to equine herpesvirus isolates recovered from horses since 1950, 3 this is the first occasion where EHV-1 has been reported to vary in pathogenicity in adult horses and to be associated with enterocolitis. As with other studies of equine herpesvirus isolates of disparate pathogenicity could not be differentiated. This study reaffirms the reported overall stability of the EHV-1 genome 3 as compared with that of other herpesviruses such as pseudorabies virus. 12 The detection of bovine viral diarrhea (BVD) virus infections and diseases has evolved with other areas of viral diagnosis in veterinary medicine. 2, 4, 7, 11, 14, 20 Our initial concerns were to confirm that a disease process was caused by BVD virus. We have satisfactorily attained a level of diagnostic expertise whereby we can diagnose clinical forms of BVD virus infection with relative ease, but it takes a prolonged period of time to detect BVD by conventional virus isolation in cell culture and subsequent identification by immunofluorescence or immunocytochemistry. 7, 8, 14, 23, 25 The questions that have arisen over the past decade are directed at achieving a diagnosis of BVD virus infection more rapidly when faced with a clinical situation and detecting animals with subclinical forms of BVD infection.
Perhaps the most subtle form of BVD infection is the case of an immunotolerant animal that appears clinically normal, but harbors and sheds BVD virus throughout its life. 18 This animal is regarded as being persistently infected, in contrast to a transiently infected animal, which is undergoing a primary BVD virus infection, but is immunocompetent and capable of developing a protective immune response against the virus. 2 The persistently infected animal needs to be identified for at least 2 reasons. First, the animal is at risk to develop the fatal form of BVD, referred to as mucosal disease, if it should come in contact with a heterologous strain of BVD virus either by way of vaccination with modified live From the Washington Animal Disease Diagnostic Laboratory (Ev-virus vaccine or by field infection. 7,23 More recent evidence even suggests that mucosal disease may result following mutation of BVD, so that contact with other animals shedding heterologous BVD may not be required. 24 Second, the animal poses a risk of infecting other susceptible cattle and small ruminants because it is shedding virus in high concentration from body secretions and excretions. 3, 5, 15, 26 Other subtle forms of disease in which diagnostic tools may be useful in determining whether BVD virus is an important etiologic entity include diseases of the endocrine system; prolonged or intermittent forms of immunosuppression; and concurrent viral and/or bacterial infections, which may have an underlying BVD virus pathogenesis. 2, 6, 19, 23 The purposes of this paper are to present an update on the occurrence of BVD virus infection in the northwestern United States and to present some diagnostic strategies to consider when attempting to detect BVD virus infection and related pestiviruses.
Bovine turbinate (BT) cells were obtained from the American Type Culture Collection a and maintained in minimal essential media (MEM) consisting of 5% fetal bovine serum (FBS) b and 5% fetal equine serum. c The FBS was negative for BVD virus and BVD virus antibody. The FBS was heat inactivated at 56 C for 90 minutes as an added precaution against low levels of BVD virus contamination. The cells were monitored twice weekly by indirect fluorescent antibody (IFA) for BVD virus contamination using bovine polyclonal antiserum to multiple strains of BVD virus provided by NVSL d and rabbit anti-bovine IgG-FITC. e Cases submitted to the diagnostic laboratory for virus iso- 
